h e r e s u l t i n g powders.
Proposed polysilsesquioxane s t r u c t u r e s a r e shown i n f i g u r e 1. I t i s presumed t h a t the unordered s t r u c t u r e i s t h e more common, b u t t h a t lower molecular weight molecules, p a r t i c u l a r l y those w i t h R = phenyl, may adopt t h e ladder conf o r m a t i o n ( r e f . 3 ) . The nature o f t h e R group and molecular s t r u c t u r e o f t h e g e l a l s o i n f l u e n c e t h e r h e o l o g i c a l behavior o f t h e silsesquioxanes. Hence, by m o d i f y i n g the s t a r t i n g composition and c r o s s l i n k e d s t r u c t u r e , and by forming copolymers, c o n d i t i o n s s u i t a b l e f o r processing both small diameter f i b e r s and forming composite matrices can be determined.
The cornposition of t h e f i n a l ceramic w i l l be determined by t h e stoichiome t r y o f t h e polymer or copolymer, which may undergo several r e a c t i o n s p r i o r t o reaching a temperature a t which carbothermal r e d u c t i o n can occur. I d e a l l y , a C / S i r a t i o o f 5/2 a t the onset o f t h e carbothermal r e d u c t i o n should y i e l d s t o i c h i o m e t r i c S I C . However, d e v i a t i o n s from t h i s r a t i o would be expected t o produce other products, i n c l u d i n g excess carbon, Si02, and S i 0 i n r o u t e t o t h e f i n a l ceramic ( f i g . 2).
This work focuses on demonstrating t h e f e a s i b i l i t y o f silsesquioxanes as p o t e n t i a l precursors t o both small diameter f i b e r s and ceramic m a t r i c e s f o r continuous f i b e r composites.
The R groups o f the polymers s t u d i e d included methyl, p r o p y l , phenyl, and v i n y l , as w e l l as copolymers o f these. Composites r e i n f o r c e d w i t h N i c a l o n f i b e r were f a b r i c a t e d and characterized by o p t i c a l microscopy, scanning e l e ct r o n microscopy (SEM), TGA, d i f f e r e n t i a l thermal a n a l y s i s (DTA), and d i l a t o me t r y (TMA). Fibers were studied by SEM.
Experimental polymethyl-, polyphenylpropyl-, polyphenyl-, and polyphenylvinylsilsequioxanes were purchased from Petrarch Systems, B r i s t o l , PA. N i c a l o n f i b e r , a product o f Nippon Carbon, Tokyo, was obtained from Dow Corning, Midland, M I . The S I C p l a t e l e t s a r e a product o f American M a t r i x , Inc., K n o x v i l l e , TN. l h e polysilsesquioxanes were c h a r a c t e r i z e d by thermogravimetric a n a l y s i s (TGA), microdielectrometry, F o u r i e r t r a n s f o r m i n f r a r e d (FTIR) spectroscopy, and physical observation. TGA s t u d i e s were c a r r i e d out a t several h e a t i n g r a t e s using a Perkin-Elmer TGS-2 on both as-received samples and Nlcalon/ silsesquioxane composites.
D i e l e c t r i c m o n i t o r i n g was conducted using a Micromet Eumetrlc System 11. Polysilsesquioxane powders were melted onto t h e d i e l e c t r i c sensor t o o b t a i n good wetting, and t h e sensor and sample then heated i n a DSC c e l l . Measurements were obtained simultaneously a t 1, 10, 100, 1000, and 10 000 Hz. F T I R spectra were obtained on f i l m s c a s t from t e t r a h y d r o f u r a n onto K B r d i s c s u s i n g a Perkin Elmer 1700 spectrophotmeter w i t h double p r e c i s i o n software a t a r e s o l u t i o n of 4 cm-l. and the spectra r a t i o e d t o KBr a t t h e same temperature. Fibers were hand drawn from t h e p o l y s i l s e s q u i o x a n e m e l t maintained a t a temperature of 120 t o 130 "C.
They were then exposed t o u l t r a v i o l e t l i g h t a t 254 nm and a power density of 12 to 15 mW/cm2 for periods of 2 to 25 hr. Irradiated fibers were heated from 0 to 225 OC at 3 "C/min, and held at 225 OC for 3 hr. The temperature then was increased at 3 OC/min to 1000, 1200, or 1400 "C. Fibers were heated in an argon or nitrogen atmosphere, and characterized by scanning electron microscopy (SEM).
Composites were fabricated by winding Nicalon fiber at 14 turns/cm on a mandrel, and coating the fiber with the polysilsesquioxane melt at a temperature of nominally 150 "C. A commercial silicone glycol surfactant, Dow Corning A57, was added to some resin batches to increase flow. Addition of A57 was at a ratio of 3.75 ml additlve per 50 gm of polysilsesquioxane powder. The prepreg was removed from the mandrel, cut and stacked 10 plies high in a matched metal die mold. The mold was inserted into a cold press. Contact pressure was applied and press temperature was increased to 150 OC; these conditions were maintained for 3 hc. The temperature was increased to 225 "C, 689 Pa pressure applied, and temperature and pressure maintained for 90 min. Composites were pyrolyzed in air at 525 OC for 2 hr. Pyrolyzed composites were heated at 3 "C/min to 1000, 1200 or 1400 OC in flowing argon.
Platelet reinforced composites were formed by mixing the platelets with the dry ground polysilsesquioxane powders and hot pressing. added at a ratio of 7.88 gm per 6.24 gm powder, nominally 50 vol 7.
Platelets were
Composites were characterized by optical microscopy, SEM and energy dispersive spectroscopy (EDS), wavelength dispersive spectroscopy (WDS), and thermal expansion.
RESULTS AND DISCUSSION

Polysilsesquloxanes
Four polysilsesquioxanes were screened initially: polymethyl-, polyphenylpropyl-, polyphenyl-, and polyphenylvinylsilsesquioxane. Of these, the polymethyl and polyphenylpropyl exhibited superior rheologlcal behavior; these were studied both individually and as copolymer blends. phenylpropyl copolymer contains seven phenyl groups to three propyl, and was blended with the methyl polymer to produce an initial C/SI ratio of nominally 5/2, denoted as Batch 2. The Batch 1 material contained a slightly higher initial concentration of phenyl groups. 
e n y l s l l s e squloxane, by comparison ( f i g . 5 ) , has a d i s t i n c t band a t 1035 cm-l, probably c h a r a c t e r l s t l c o f a g r e a t e r degree o f ladder polymer, and shows o n l y minor changes I n band shape on h e a t i n g t o 235 O C . No r e s i d u a l s l l a n o l groups were observed.
Comparisons
t h temperature, correspondlng t o a decrease I n v l s c o s l t y , then increases as t h e polymer cures, undergoing a thermoset t y p e of c r o s s l l n k l n g . ( A t t h i s stage t h e polymer does n o t remelt.) An expanded p l o t o f t h e i n i t i a l 30 rnin o f the r e a c t i o n i s shown i n f l g u r e 7. The p h y s i c a l o b s e r v a t i o n o f b o i l i n g o f t h e polymer blend a t 180 O C corresponds t o t h e onset o f t h e f i r s t TGA t r a n s i t l o n ( f i g . 3 ) . The p o l n t on t h e curve l a b e l l e d " f l o w " corresponds t o a v i s c o s i t y e m p l r l c a l l y found s u l t a b l e f o r f l b e r impregnatlon, w h l l e t h a t I n d i c a t e d as " f i b e r s " was a p p r o p r i a t e f o r f i b e r formatlon. F i b e r s
Flbers 30 t o 40 pm I n diameter were hand drawn from t h e p o l y s l l s e s q u l o x a n e m e l t i n lengths from 4 t o 8 f t , a t a temperature o f 120 t o 130 O C . As drawn f l b e r s w i l l r e m e l t on f u r t h e r heating, t h e polysllsesquloxanes c r o s s l l n k on uv I r r a d i a t i o n a t 254 nm; however, t h e e x t i n c t i o n c o e f f l c l e n t I s high, so t h a t c r o s s l l n k i n g occurs on t h e surface and n o t throughout t h e b u l k o f t h e f l b e r .
Fibers i r r a d l a t e d f o r 3 and 25 h r a r e shown I n f i g u r e 8. F o l l o w i n g uv exposure, the t i p of t h e f i b e r was touched a g a i n s t a h o t p l a t e , r e m e l t i n g t h e noncrosslinked b u l k polymer, and r e v e a l i n g a c r o s s l i n k e d s h e l l which does n o t m e l t . A t 3 h r ( f i g . 8 ( a ) ) t h i s s h e l l I s q u i t e t h i n (<2 pm). As exposure time I s Increased, t h i s c r o s s l i n k e d m a t e r l a l s h r l n k s r e l a t i v e t o t h e b u l k o f t h e f l b e r , s p l l t t l n g t h e f l b e r ( f l g . 8 ( b ) ) . Hence, t h e e n t l r e f l b e r cannot be c r o s s l i n k e d by uv i r r a d i a t i o n . However, once even a t h i n c r o s s l i n k e d s h e l l has been formed, t h e f i b e r can be heated t o 225 "C and t h e f i b e r b u l k crossl i n k e d thermally, as shown by t h e d i e l e c t r i c changes I n t h e polymer which occur a t t h i s temperature ( f i g . 6). Once t h e b u l k o f t h e f i b e r has undergone crossl i n k l n g , the f i b e r s can be heated f u r t h e r w i t h o u t l o s l n g t h e i r shape. F i b e r s heated t o 1000, 1200, and 1400 "C I n argon and f r a c t u r e d by hand a r e shown I n f i g u r e 9. Uv exposure was decreased t o as l i t t l e as 2 h r I n some cases w i t h o u t a f f e c t i n g the f i b e r s ' a b l l l t y t o s u r v l v e t o h i g h temperatures.
Composltes
Nlcalon/sllsesquioxane composites a r e shown as h o t pressed i n f l g u r e 10. The r e s i n e x h i b i t s good f l o w i n t o t h e f l b e r tow, produc1ng.few voids. expansion measurements made as t h e h o t pressed composite i s heated f u r t h e r Thermal ( f i g . 13) .
i x begins t o cure, t h e expansion, w h i l e s t i l l p o s i t i v e , decreases i n slope. Above 460 "C, as p y r o l y s i s occurs, the composite s h r i n k s , corresponding t o t h e onset o f weight l o s s . I n u n i d i r e c t i o n a l composites t h i s shrinkage i s accompanied by t h e f o r m a t i o n o f m a t r i x cracks ( f i g . 12). P l a t e l e t r e i n f o r c e d composites d i d n o t e x h i b i t t h e surface cracking observed f o r t h e N i c a l o n r e i n -
Composites which were pyrolyzed a t 525 "C were subsequently heated a t 3 "C/min i n argon t o 1000, 1200, o r 1400 "C, then f r a c t u r e d a t room temperature i n t h r e e p o i n t bending a t a span t o depth r a t i o o f 32:l. a r e shown i n f i g u r e 14. I n t h e sample heated t o 1000 O C ( f i g . 14(a)), f i b e r p u l l o u t i s observed on t h e t e n s i l e surface, as i s a shear f a i l u r e a t midplane.
A f t e r h e a t i n g t o 1200 "C ( f i g . 1 4 ( b ) ) , f a i l u r e o f f i b e r bundles, r a t h e r than i n d i v i d u a l f i b e r p u l l o u t , predominates. I n the sample heated t o 1400 O C ( f i g . 1 4 ( c ) ) , r e a c t i o n between t h e f i b e r and t h e m a t r i x appears t o have occurred. The t e n s i l e and compressive surfaces a r e n o t r e a d i l y d i s t i n g u i s hable, and t h e f r a c t u r e i s c h a r a c t e r i s t i c o f b r i t t l e f a i l u r e . 
r i g h t areas on t h e carbon map correspond t o epoxy. Comparison o f t h e m a t r i x w i t h t h e Nicalon f i b e r s shows t h a t t h e carbon content o f b o t h i s comparable. The s i l i c o n content o f t h e f i b e r s i s s l i g h t l y g r e a t e r than t h a t o f t h e m a t r i x , w h i l e the oxygen content i s s l i g h t l y lower.
